The aim of this work is to develop a visual interface including the most representative processes in the gelatin production from fish skin. Connecting different components from a library implemented in EcosimPro, users can easily configure a virtual plant according to their requirements, and test different scenarios attending to the quantity and quality of the raw material (normally subject to seasonal variations). In this way, it is possible to analyze the consumption of water, energy and reactives, as well as the quality and quantity of the product obtained by given variations in the inputs and/or the operational parameters. The approach is multipurpose, combining elements of design and simulation.
INTRODUCTION
One of the strategies towards a responsible management of fisheries, is to promote policies of by-catch no-discard and zero-waste production both on-board and in-land. Such policies must be accompanied, for the sake of sustainability, by up-grading strategies for the fish wastes and by-products. In this context, the gelatin obtained from fish skin is not only a way of valorization, but a potential alternative to mammalian gelatin.
Fish skin is a good source of collagen, the precursor of gelatin, and fish gelatin extraction has been reported for a number of ray finned fishes (cod, tuna, pollock, sole, tilapia ...) and chondrichthyes (namely shark and ray). Collagen is not soluble in water, but its fibers shrink at hot temperature producing water soluble gelatin. The core of the gelatin production process consists basically in the extraction of the denatured collagen macromolecules from the skin to an aqueous solution, and presents variations depending mainly on the characteristics of the raw material and the desired quality of the product.
We have created a model library with the most representative processes in the gelatin production. In this way, users can easily configure, using the components included in the library, a virtual plant according to their requirements. The model library has been implemented in Ecosimpro, which is a powerful modelling tool for many fields including food processing industry (Vilas et al, 2004) .
THE FISH GELATIN PROCESS Pretreatment of the raw material
It is known that alkaline and/or acid pretreatments before extraction are critical for final yield and strength of the gelatin extracts, but the possible mechanism and the effects of these pretreatments are still currently of interest. According to Zhou & Regestein (2005) the extent of gelatinization and gel strength depends on the cross linkages present in the collagen. In this sense, the purpose of the pretreatment is twofold: on one hand, removing unwanted material such as noncollagenous proteins and soluble solids with minimum collagen loss and, on the other hand, destroying certain cross-linkages present in the collagen with less breakage of peptide bonds. The so called acid process (acid extraction optionally preceded by an acid pretreatment) is faster and leads to a lower quality product than the alkaline process (extraction preceded by an alkaline pretreatment). According to Zhou & Regestein (2005) , the alkaline pretreatment excludes the effect of endogenous proteases on collagen, and in most cases is followed by neutralization with an acid solution, so the extraction may be carried out in an alkaline, neutral or acid medium.
Extraction
Depending on the pretreatment sequence, the extraction can be carried out in acid, neutral or alkaline medium, giving rise to gelatines with different molecular weight distribution (Zhou & Regestein, 2006) . Gelatin quality is evaluated on the basis of several functional properties like gel strength, viscosity, solubility, turbidity, melting point and gelling point (Choa et al, 2004) , affected by many factors including the molecular weight distribution. Gelatin is made up of a series of polypeptide chains, where the so-called α-chain, with a molecular weight of 95000 g/mol, acts as the basic element, and may associate or degradate to form products of lower or higher weight (Nicolas-Simmonot et al, 1997) . The pH and T affect to the rate and extent of the extraction, but also to the degradation of the gelatin chains, so their control become critical at the extraction stage.
Purification
The purification process is devoted to transform the solution resulting from the extraction into a product with the required specifications. In terms of microconstituents, the desired properties are achieved by means of treatments such as activated carbon filtering, oxidation and/or deionization whereas the specifications in terms of water content require the concentration and drying of the gelatin solution.
In the conventional process the gelatin liquid has an initial concentration of 3 -5% gelatin. This liquor is filtered and fed into a triple effect evaporator to concentrate up to 35 %, followed by a drum drying to obtain a final product with 85-90% gelatin. Evaporation can remove about 80-85% of the water but it is energy intensive and very sentitive to the escalation of fuel costs (Chakravorty & Singh, 1990) . This drawback can be overcome by employing ultrafiltration as initial step in the dewatering of gelatin liquors. The high molecular weight of gelatin (with an average of 50 to 70 kDa) makes it suitable for pressuredriven separation techniques at moderate to low applied pressures.
Ultrafiltration presents three main advantages upon conventional processes (Simon et al, 2002) : i) energy consumptions are at least 40 % lower than those required for evaporation, ii)thermal degradation in gelatin molecules is minimized as pressure-driven processes are undertaken at ambient temperatures and iii) final product presents higher purity due to removal of inorganic compounds (mainly salts from pretreatment step) with molecular weight below the membrane nominal cut-off. Permeate flux is strongly dependent on gelatin concentration, which limits practical UF to about 20 % gelatin in the final product (Cheryan, 1998) , so dewatering must be completed with a single effect evaporation and drum drying to obtain the final dry powder.
PROCESS MODELLING AIMS AND CONSIDERATIONS Pretreatment
As mentioned, the pretreatment section consists in a sequential washing with water and different reactives. The aim is not to model the physico-chemistry aspects of the interactions taking place but highlight the main 'macroscopic trends'.
For modelling purposes, the skin is considered as a mixture of insoluble solids (among which is the collagen), soluble solids (being part of the impurities) and water. The skin retains water, and a saturation fraction depending on operational conditions is considered as parameter of the model. The skins and the solution are mixed in a tank with a determined proportion (which is usually given as a recipe indicating the quantity of water per solid and the reactive molarity). Once in contact, the liquid phase and the water retained by the skin reach the equilibrium in terms of chemical composition and solubles present. In this way, impurities are removed after a sequence of washing operations.
The pretreatment section is characterized by the high consumption of water, that constitutes a major factor in the overall operation cost. In this sense, water saving by means of recycle policies can be crucial in improving the efficiency of the process.
An EcosimPro component has been designed including the mass balance equations for the washing unit, that can be communicated with the environment through a number of physical ports: a) the skin inlet, b) the solvent inlet, c) the extract (containing the solid phase) and d) the purge (constituted by the liquid phase plus the rests of skin lost during the operation). The composition of the solvent can be selected among three different possibilities consisting on a solution of soda, sulphuric acid or citric acid. The icon corresponding to the washing unit is depicted in Figure 1a .
Extraction
The overall kinetic scheme for the acid extraction proposed by Nicolas-Simmonot et al (1997) is used with slight modifications. The model considers two simultaneous phenomena taking place: the extraction itself and the degradation of the gelatin, that is divided into four main categories of macromolecules (A 1 to A 4 ) attending to the molecular weight. The difussional limitations are considered to be negligible and both the extraction and degradation are described by means of ordinary differential equations. The reactions producing the gelatin macromolecules are considered to be first order:
as well as the reactions of degradation:
The kinetic constants for the extraction and degradation reactions follow the Arrhenius law (k i = A i e (−E i /RT ) ) and both the activation energies E i and the pre-exponential factors A i will constitute, together with the stoichiometric coefficients ν ij , the set of parameters of the model. Nicolas-Simmonot et al (1997) propose a number of experiments to estimate the parameters from experimental data. The regime of operation can be selected between continuous or batch (Bastogne, 2004) . The efficiency of the extraction process (combining a good extent of extraction with less degradation) will depend on the temperature, pH and time of operation (residence time at the continuous regime).
The EcosimPro component designed (see Figure 1b) for the extraction unit is communicated with the environment through four physical ports: a) the skin inlet (containing a given fraction of extractable gelatin), b) the solvent inlet, c) the extract (containing the solid phase) and d) the gelatin solution outlet. The temperature and pH of operation can be fixed by the user (and then the program calculates the Temperature and concentration of the solvent), or computed from the solvent characteristics, depending on the option selected (design or simulation approach).
Purification
As mentioned before, ultrafiltration was chosen as purification technique due to the energy savings and high quality standards of the final product. The main approach of the simulation step was to predict the time/number of batches to concentrate a gelatine solution to a given final concentration value, as well as the flow of water removed from the solution per membrane unit area (permeate flux). The initial permeate flux across a membrane, theoretically given by the Hagens-Poseuille equation, decreases rapidly due to the concentration on the membrane surface of rejected solutes, with molecular weight higher than the pore diameter. This results in the development of a concentration gradient across the boundary layer in contact with the membrane surface, known as gel-polarized layer. Unlike the gel-polarized layer, whose effects on the permeate flux can be reverted by enhancing the turbulence or reducing the transmembrane pressure, membrane fouling, is characterized by an irreversible decline in flux, due to the deposition and accumulation of feed components such as suspended particles or permeable solutes on the membrane surface and/or within the pores of the membrane. Once fouling occurs, initial flux cannot be restored by changing hydrodynamic conditions. Permeate flux (J) is highly dependent on the transmembrane pressure (∆P ) and can be predicted by a general resistance model (Cheryan, 1998) :
Osmotic effects (π M ) between both sides of the membrane can be evaluated by a Vant'Hoff or virial equation and are can be neglected for large macromolecules. The term R M refers to the membrane intrinsic resistance and it remains constant during an operation cycle as it depends on membrane characteristics . R C includes the gel and fouling resistances. The dynamic behavior of this resistance can be simulated as it depends on the amount of solute carried from the bulk liquid to the membrane surface by convective transport (Ho & Zydney, 2000) .
where c B is the bulk concentration. With regard to the regime of operation, batch operation mode is commonly used in laboratory and pilot plant applications. It is the preferred mode for concentration or diafiltration operations as it requires the minimum membrane area . The permeate is returned to the feeding tank for a subsequent batch. Part of this permeate can be also be recycled to the membrane inlet to keep the inlet flow constant or to control the level at the tank when a continuous feed stream is treated. For this purpose, different Ecosim components (tank, membrane, stream mixer and splitter) were created and provided with physical (flow and solvent concentration) and signal ports (level and flow control) which enable the user to choose between different operational configurations (batch /continuous operation, partial/full recirculation of the retentate, diafiltration, etc). The overall icon representing this ultrafiltration process is depicted on Figure 1c .
EXAMPLE: TESTING WATER RECYCLE POLICIES
In this section we illustrate the interface designed through an example, using the virtual environment created to show how recycle policies affect the efficiency of the gelatin production process. The pretreatment section can be configured by connection of a series of washing units plus the so-called dispenser units, which add the required amount of reactant to carry out the washing step (alkaline, acid, etc.) as shown in Figure 2 . In this case, we have considered two alkaline, two strong acid and two weak acid washing steps with inserted water washings between each class of pre-treatment. Once the washing section model was configured using the design approach (that is, the system calculates and dispense Figure 2 : Virtual environment generated on EcosimPro for designing the washing section of the fish gelatine process automatically the reactants according to a given recipe), and under the assumption of 1,000 kg of fresh fish skin entering the process for treatment, two experiments are created: a) The first one considers the scenario of a washing section without any recycle of water on the units, and b) the second one considers a recycle of the 30% of the liquid leaving each washing unit. As shown in Table 1 Table 1 : Calculated amounts of water and reactants for the proposed scenarios (without recycle and with a 30% of recycle) of the washing section presented on Figure 2 of recycle are significant both on terms of water consumption (reducing the environmental dammage, since less water requirements in the pretreatment step imply less liquid effluents for a post-processing waste treatment) as well as in terms of reactants (with savings around 25%, which results in lower plant operation costs).
CONCLUSIONS
In this work, an EcosimPro library is created containing the most representative processes in the gelatin production from fish skin. In this way, the user can easily configure a virtual plant connecting different components and test different scenarios attending to the quantity and quality of the raw material, operational parameters etc. The utility of the approach is illustrated through an example concerning the design of water recycle policies for cost reduction.
